SUMMARY Serial 24 hour balance studies of nitrogen and energy were carried out over 10 days in two groups of ventilator dependent preterm infants of comparable weight and gestational age. In one group (n= 10) a parenteral amino acid source (Vamin 9) was started within 24 hours of birth, and in the other group (n=11) it was not started until 72 hours. The feeding protocol was otherwise identical. The nitrogen intake (286 compared with 21 mg/kg/day), energy intake (188 compared with 151 kJ), and nitrogen retention (120 compared with -133 mg/kg/day), were all significantly higher during the first three days of life in the group in which the amino acid solution was started early. There were no differences by 7-10 days. The early introduction of amino acids improves the early nutritional state of sick preterm infants. Preterm infants, particularly if they are unwell, are likely to require nutrients and energy in the immediate transitional period after birth at rates at least similar to those available in the uterus. We aimed to find out if there was any increase in overall nitrogen retention and energy intake in sick infants of low birthweight who were ventilator dependent and who were given amino acids intravenously from birth.
Infants of less than 30 weeks' gestation are born at a time of otherwise rapid intrauterine brain and body growth. Unfed, these babies have limited energy reserves1 and the rapid establishment of postnatal nutrition is essential if they are to survive intact.2 A fetus of comparable postconceptional age is a good nutritional model for the preterm infant.3 Using this model, nitrogen retention of about 320 mg/kg/day would be needed for the preterm infant of 24-34 weeks' postconceptional age (E Widdowson, personal communication) .4 Paienteral feeding with a nitrogen solution from birth would thus seem appropriate if this target is to be achieved and if early negative nitrogen balance is to be avoided.
Because of concerns about fibrin and casein hydrolysate protein solutions, many neonatal units continue to delay the introduction of an amino acid solution for several days after birth, as older solutions were associated with various metabolic complications including hyperammonaemia5 and acidosis.6 The more recent crystalline amino acid solutions have been modified to reduce these risks.
Preterm infants, particularly if they are unwell, are likely to require nutrients and energy in the immediate transitional period after birth at rates at least similar to those available in the uterus. We aimed to find out if there was any increase in overall nitrogen retention and energy intake in sick infants of low birthweight who were ventilator dependent and who were given amino acids intravenously from birth.
Patients and methods
Ventilator dependent preterm infants of less than 30 weeks' gestation were entered sequentially on admission to the neonatal intensive care unit into one of two intravenous feeding regimen groups. Those in group E (early) were given intravenous glucose and nitrogen (as Vamin 9, KabiVitrum), within 24 hours of birth, while group L (late) initially received intravenous glucose alone, and nitrogen only after 72 hours of life. The nitrogen delivery rate in both groups was increased progressively over three days from 1 g/kg/day to a maximum of 3 g/kg/day. Intravenous fat (Intralipid, Kabi- Random assay checks of nitrogen and energy content of the parenteral solutions and milk feed given in the same 24 hour period were carried out to confirm data supplied by the pharmacy and the milk producer. Nude body weight was recorded daily on an electronic scale accurate to 0-5 g. Crown-heel length using a measuring board accurate to 0-5 mm Early parenteral feeding of amino acids 1363 and occipitofrontal head circumference were recorded weekly by a single observer (JS).
Blood was taken daily for routine electrolytes and biochemical analysis, and for plasma amino acids profiles on day 5 of the study. Amino acid analysis was by high performance liquid chromatography of orthophthalaldehyde derivatives of amino acids. Protein was removed from plasma with sulphasalicylic acid, adjusted to pH 9*5, and the amino acids reacted with orthophthalaldehyde. The resulting derivatives were separated by gradient high performance liquid chromatography on a reversed phase C18 column and detected fluorimetrically. The method has been extensively validated against other methods of analysis and gives reliable results (DA Reaveley, unpublished observations).
Statistical analysis was by the unpaired Student's t test and linear regression analysis, and the study was approved by the hospital ethics committee.
Results
At the time of entry to the study the two groups differed significantly only in the time of introduction of amino acids (p<0-001) (table 1). At 10 days, seven infants in group E were still ventilator and oxygen dependent, while 10 in group L were ventilator dependent and eight oxygen dependent.
The nitrogen and energy content of the parenteral solutions supplied by the pharmacy and any enteral milks used were within 2% of the amount that we intended.
The mean (SEM) 24 hour nitrogen retention for each infant over the study period is shown in fig 1. The nitrogen retention differed between the two groups in the first 72 hours of life (p<0001). All infants in group E were in positive nitrogen balance throughout the study period with an overall mean (SEM) nitrogen retention of 122 (18) mg/kg/day. All infants in group L were in negative nitrogen balance during the first 72 hours of life with a mean (SEM) negative balance of -133 (23) mg/kg/day, compared with group E who retained 120 (6) mg/kg/day. After day 3 there was no difference in nitrogen retention between the two groups. The total input and output balances over 10 days of intravenous and enteral intake and urine and faecal output are shown in table 2. There was no difference in fluid intake between the groups. In both groups a lower fluid intake was recorded in the first 24 hours of life compared with the remaining study period. The maximum mean (SEM) fluid intake in both groups was at 7 days postnatal age, being 149 (8) ml/kg/day in group E and 148 (8) ml/kg/day in group L. The mean percentage enteral energy intake of total energy intake at 10 days of age was 18% in group E and 24% in group L. There was no difference in the maximum mean (SEM) recorded urine outputs (both on day 5) of 111 (10) ml/kg/day, and 110 (13) ml/kg/day, in groups E and There were no significant differences between the groups. L, respectively. Faecal output was less than 0-7 g/kg/day in both groups throughout the study. The mean daily nitrogen (mg/kg/day) and energy (kJ/kg/day) intake expressed in 72 hour periods is given in table 3. Nitrogen and energy intake was greater in group E in the first 72 hours (p<0001); mean energy intake was greater in group L at 7-9 days (p<0.05). In group L protein intake contributed less than 2% of the overall energy intake in the first 72 hours. Otherwise the protein:energy ratio was greater than 10% in both groups throughout the study (table 3) .
The association between mean daily nitrogen retention (mg/kg/day) and energy intake (kJ/kg/day) is shown in fig 2; there was. a positive correlation in both groups (r=0-35, p<0.001 in group E; r=0-66, p<0-001 in group L). There was a wide range of nitrogen retention for individual infants at any given energy intake. Energy intakes of greater than 418 kJ/kg/day were achieved in only seven 24 hour balance periods, one in group E, and six in group L. The percentage of total nitrogen intake retained on days 1-3, 4-6, and 7-9 postnatal age was 42, 18, and 60% in group E, and 0, 22, and 51% in group L, respectively.
The increases in length, occipitofrontal head circumference, and total change in body weight were similar in both groups. Overall weight change was not significantly different in either group (table   4) . Group E had regained 95% and group L 93% of their birth weights by 10 days of age. The age of maximum weight loss was day 6 postnatal age in group E, with 10% loss from birth weight, and day 7 in group L with 12%. There was no association between increase in length or head circumference, and energy or nitrogen intake, in either group.
Plasma aminograms at 5 days of age were Table 4 Changes in weight, occipitofrontal head circumference, and crown-heel length in the two groups. Early parenteral feeding of amino acids 1365 available only for nine infants in group E and seven in group L. A high phenylalanine concentration (greater than 300 ismol/l) was found in two infants in group E and none in group L. Five infants in group E and four in group L had plasma tyrosine concentrations greater than 300 imol/l. Other amino acids were within the laboratory reference range for neonates.
Discussion
There is no general agreement on the ideal age at which to introduce an intravenous nitrogen solution to the feeding regimen of a preterm infant. In the infant who can be fed enterally, a protein source (milk) is introduced within hours of birth. These babies are usually well and often larger than the babies studied here. We would suggest that there is no reason why the sick infant requiring intravenous feeding should not be offered amino acids from day 1. In thy, study infants in the late introduction group had a significant negative nitrogen balance until intravenous nitrogen was introduced on day 3. The mean negative balance of -133 mg/kg/day is equivalent to a loss of 0-849 g/kg/day of body protein, or 2-5 g protein over the first 3 postnatal days. The total body protein of an infant weighing 1000 g is about 85 g, and therefore assuming that the overall nitrogen (protein) loss represents true tissue catabolism then this represents a mean accumulative loss of 3% of the body's protein each day.4 Infants in the early group, on the other hand, were in positive nitrogen balance from day 1 postnatal age.
It is likely that the overall positive nitrogen balance would probably have been greater if all infants in the early study group had received amino acid without interruption in the first few days. Although it is uncertain whether there is a long term clinical advantage in this early positive nitrogen balance, it may be reasonable to assume such an advantage, particularly during the critical transitional phase of extrauterine adaptation. It must be noted, however, that although the infants in the early group were in positive nitrogen balance from day 1, the mean daily nitrogen retention rate of both groups only reached the equivalent postconceptional age matched fetal accretion rate after day 7.4 8 In neither group were we able to achieve an energy intake greater than 209 kJ/day in the immediate postnatal period, which we recognise is considerably below current recommendations for enterally fed infants. In the early group, however, the overall energy intake was significantly higher than in the late group. The inability to achieve a critical energy threshold to maintain basal metabolism might partly explain the poor early growth seen in sick infants. The protein:energy ratio in all infants in group E, and after three days in Group L, was satisfactory. This implies that the energy supplied was adequate to permit the amino acids to be used.
We are currently studying the metabolic effects associated with the introduction of Intralipid from day 1. Intralipid has a high energy density; early introduction might permit a further increase in energy intake in these infants and improve the nitrogen sparing effect of energy.
Changes in body weight and gains in crown heel length and head circumference were similar in both groups. The mean negative changes in body weight observed in the first few days in both groups could partly be explained by shifts in body water,9 and were similar to changes reported by others.'0 Enterally fed low birthweight infants show increased growth rates with protein intakes of 3 5 g/kg/day.' 12 In our study a mean protein intake of 1-8 g/kg/day was achieved in the first few days after the early introduction of amino acids and this is likely to have been insufficient to cause an early increase in growth. Metabolic complications precluded any further increase in protein load.
Increased phenylalanine and tyrosine concentrations were seen in some infants in both groups. Abnormalities in plasma aminograms, and in particular increased phenylalanine concentrations, are well recognised in preterm infants given Vamin as the amino acid solution3 14; we did not see any obvious short term metabolic or other problems, but the long term implications are unknown. The introduction of the newer parenteral solutions may prevent these abnormalities. Whether breast milk or fetal lean body protein is the ideal nutritional source model for these infants, however, remains to be investigated.
A reasonable nutritional goal in feeding preterm infants is to approximate the nutritional accretion and growth seen in the fetus of comparable postconceptional age. A secondary aim in the immediate newborn period is to prevent si2gnificant catabolism and negative nitrogen balance. The present study shows that early introduction of an intravenous amino acid source indeed permits positive nitrogen balance in the first days of life in the sick ventilator dependent infant who cannot be fed enterally.
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